Plant genetic variation can have far-reaching effects on associated communities and ecosystems. Heritable variation in ecologically relevant plant traits is often nonrandomly distributed across a species' range and can exhibit geographic clines. In the event of range expansions and migration, previously unfamiliar genotypes may have large impacts on resident communities and ecosystems due to the introduction of novel and heritable phenotypic variation. Here we test the hypothesis that geographic origin of a focal plant genotype has effects on belowground invertebrate communities using a common garden field experiment. We sampled soil invertebrates from 103 Oenothera biennis genotypes, which were collected from across the species' range and planted into a common garden field experiment at the northern range limit. We enumerated 24 000 individuals from 190 morphospecies and found that the diversity, abundance, and composition of soil invertebrate communities varied greatly among plant genotypes. Despite strong effects of plant genotype, we found few genetic correlations between plant traits and soil invertebrate community variables. However, herbivore damage was strongly related to variation in the soil invertebrate community. Geographic origin of plant genotypes had at most a weak effect on belowground communities. We speculate that predicting the extended effects of population movement on associated communities will require detailed knowledge of the trait variation occurring within focal species across particular environmental gradients.
Introduction
Our understanding of the effects of intraspecific genetic variation on communities and ecosystem processes has rapidly increased in the last decade. For example, distinct plant genotypes and the amount of genetic variation within a plant population can influence the composition of associated above-and belowground vertebrate, invertebrate, and microbial communities, and the rate of litter decomposition and nutrient turnover (Johnson and Agrawal 2005 , Crutsinger et al. 2006 , Schweitzer et al. 2008a , Fitzpatrick et al. 2015 . In some cases the effects of individual plant genotypes have been linked to genetically-based differences in plant traits (Schweitzer et al. 2004, Johnson and Agrawal 2005) . These effects of intraspecific variation are pervasive in natural systems (Bailey et al. 2009 ), occur across populations distributed over large spatial scales (Fischer et al. 2010) , and can match the strength of factors traditionally recognized as ecological drivers Agrawal 2005, Fitzpatrick et al. 2015 ). An important next step is to try and build a predictive framework of how and when changes in the genetic composition of populations can affect communities and ecosystems.
Genetic variation is often distributed non-randomly across a species' range with populations from different localities typically exhibiting heritable differences in ecologically relevant traits (Olsson and Ågren 2002, Woods et al. 2012) . Across a species' range, individuals must contend with varying abiotic and biotic factors, most notably local climate and interspecific interactions. These varying environmental conditions can lead to genetically-based geographic clines in ecologically important traits. For example, plant species often exhibit clines in flowering time in response to latitudinal variation in day length and temperature (Olsson and Ågren 2002, Stinchcombe et al. 2004 ). For plants, latitudinal gradients in the intensity of herbivore pressure could lead to clines in defense traits such as secondary metabolite production and tolerance to herbivory (Woods et al. 2012 , Więski and Pennings 2014 , Anstett et al. 2015 . Traits such as these can have large effects on the composition of associated communities and ecosystem processes (Schweitzer et al. 2008b , Whitham et al. 2012 . Therefore, geographic clines in ecologically relevant traits (e.g. traits related to the quantity and quality of biomass produced) could be accompanied by clines in their associated community and ecosystem level effects.
Many species from diverse taxonomic groups across the plant and animal kingdoms are currently exhibiting range shifts in response to climate change (Parmesan and Yohe 2003, Chen et al. 2011) . The rate of these range shifts for terrestrial species are estimated to be between 6-16 km/ decade, though considerable heterogeneity exists among species (Parmesan and Yohe 2003, Chen et al. 2011) . There are documented effects of novel species on resident communities (Fitt and Lancaster 2017) , but far fewer examples of the effects of novel genotypes (Andrew and Hughes 2007, Pratt et al. 2017 ). This gap is important because range shifts can alter the genetic composition and diversity of populations, as well as introduce novel genotypes to populations (Arenas et al. 2011 , Pauls et al. 2012 . We predict that the large-scale redistribution of genetic variation within a species could have broad ecosystem-level consequences given: A) the ubiquity of heritable variation in ecologically relevant traits across a species' range (Geber and Griffen 2003) ; B) the community and ecosystem consequences of genetic variation (Whitham et al. 2006 , Hersch-Green et al. 2011 ; and C) the elevated migration of populations due to contemporary global climate change (Chen et al. 2011 ).
Although we have strong evidence of the community and ecosystem effects of heritable variation in plant traits within populations, few studies have used a landscape or biogeographic framework to understand how variation between populations over broad spatial scales affects community interactions (Bangert et al. 2006 , but see Fischer et al. 2010 . Such a framework would predict how population movement of a focal species might lead to shifts in resident communities affected by the introduction of novel genotypes. For example, if a focal plant species exhibits a latitudinal cline in a heritable trait that strongly affects arthropod herbivores (Schemske et al. 2009 , Anstett et al. 2016 , then the geographic origin of the introduced focal genotype could be an important predictor of arthropod community composition. Additionally, if associated organisms are adapted to local genotypes of focal species, then the magnitude of effect of a novel plant genotype on the community might scale with the distance between the genotype's origin and the newly colonized site. We adopted this framework to investigate how range-wide variation in a native plant species affects soil invertebrate communities towards a native plant species' northern range limit.
Soil invertebrates account for nearly one-quarter of described terrestrial animal species. They regulate decomposition rates and nutrient turnover and ultimately affect primary productivity and aboveground community composition (Bardgett and Wardle 2010) . Plant-derived resources such as leaf litter, live and dead roots, and root exudates are at the base of a complex soil food-web. Numerous arthropod taxa such as diplopods (millipedes), Acari (mites), isopods (e.g. wood lice), insects, and Collembola (springtails), are the primary consumers of plant detritus. These detritivores are then consumed by predatory arthropods including Acari, arachnids (spiders), insects, and chilopods (centipedes). Phenotypic differences in litter and root traits among plant species influence the quality and quantity of plant-derived resources and soil habitat, which can both affect soil invertebrates (Bezemer et al. 2010 , Eissfeller et al. 2013 , Mueller et al. 2016 . Similar phenotypic differences exist among genotypes within plant species (Johnson et al. 2009 , Parker et al. 2012 , Meijón et al. 2013 , and linkages between above-and belowground communities suggest that soil invertebrates may be as affected by genetic variation as their aboveground counterparts (Vandegehuchte et al. 2011) .
We tested the hypothesis that range-wide genetic variation in a focal native plant species affects belowground invertebrate communities using a common garden field experiment. First, we used data from Anstett et al. (2015) to understand how heritable variation in plant traits is distributed across the range of a single native plant species, Oenothera biennis (Onagraceae). We focused on traits that are potentially important drivers of the quality and quantity of plant-derived soil resources. From a common garden we sampled soil invertebrate communities associated with plant genotypes collected from across the species' range. We then asked, how does plant genotype affect the diversity and composition of soil invertebrate communities? Next, we sought to uncover which plant traits explain patterns of soil invertebrate diversity and composition. Finally, we investigated how the geographic origin of plant genotypes affects the soil invertebrate communities in our common garden and whether these geographic origin effects coincide with the effects of latitudinal clines in heritable plant traits. Understanding the ecological consequences of genetic variation occurring across geographic clines is important if we wish to predict the broader implications of contemporary evolution, range shifts, and assisted migration (Chen et al. 2011, Aitken and Whitlock 2013) .
Material and methods

Study system
We used the native forb, common evening primrose, Oenothera biennis (Onagraceae). Oenothera biennis occupies disturbed sites and old fields in eastern North America where it forms discrete populations that vary in size from one to several thousand individuals (Johnson 2011) . Individuals are functionally asexual due to a genetic system called permanent translocation heterozygosity, whereby plants produce genetically identical seeds (Cleland 1972) . This allows genetically identical individuals (hereafter referred to as 'genotypes') to be replicated from seed. Due to its unique genetic system, O. biennis populations are typically dominated by a single clonal genotype (Levin 1975) . Plants initially produce a leafy rosette, and then bolt into a flowering stalk at the end of their first or second year of growth. Oenothera biennis exhibits considerable heritable variation for numerous phenotypic traits including flowering date, biomass production and a range of secondary metabolites in aboveground and belowground tissues (Johnson et al. 2009 ). Variation among O. biennis genotypes can have large effects on aboveground arthropod communities (Johnson and Agrawal 2005) and soil ecosystem processes such as litter decomposition and soil respiration (Fitzpatrick et al. 2015) . Across its range, O. biennis exhibits latitudinal clines in herbivory as well as numerous traits related to defense (Anstett et al. 2014 (Anstett et al. , 2015 . Given the existent clines in ecologically relevant traits and the effects of genotypic variation on aboveground arthropods and soil ecosystem processes, we predicted that O. biennis would have extended effects on soil invertebrate communities.
Experimental design
In a common garden field plot at the Koffler Scientific Reserve 50 km north of Toronto, we planted genotypes from 103 populations collected from the entire latitudinal and longitudinal native range of O. biennis (Fig. 1) . The experimental design was originally described in Anstett et al. (2015) Figure 1. Heritable variation in ecologically relevant traits is genetically correlated with latitude across the native range of Oenothera biennis (Anstett et al. 2015) . Seeds were collected from genotypes within populations (grey circles) across the entire latitudinal and longitudinal range of the species and grown in a common garden field experiment 50 km north of Toronto, ON, Canada (star), which is close to the northern range limit of O. biennis. Northern populations exhibited increases in: herbivore damage, oenothein B (a chemical defense), and early flowering (Supplementary material Appendix 1 Table A1 ). Southern populations exhibited increases in: belowground biomass, plant height, and oenothein A (a chemical defense).
and is described briefly here. Populations were represented by one genotype per population and 3-6 replicate plants per clonal genotype (note we omitted genotypes with fewer than 3 replicates). We used seeds from collections of wild populations. To minimize the potential for maternal or epigenetic effects, all plants were germinated simultaneously and grown in a common garden where measurements were made in the second year of growth. Seeds were germinated on moist filter paper and grown in 25 ml fiber pots for 2 weeks. Seedlings were well-watered and received 0.25 g of slow release fertilizer (Nutricote Total 13-13-13; Plant Products, Leamington, ON). In early August 2012, we planted the fiber pots directly into a fallow field (1 m spacing between plants) that was mowed immediately before planting. Individuals were planted in a randomized block design (1 individual per genotype per each of 5 adjacent blocks with the exception of 2 genotypes for which 2 individuals were planted in block 5; distance between blocks 1 and 5 was 50 m) that encompassed the environmental variation present across our field site. Soil invertebrates were allowed to naturally colonize the root system and surrounding soil. Plants overwintered and phenotypic traits and soil invertebrates were measured in the summer of 2013. This design allowed us to assess whether trait expression in a common environment exhibited any geographic clines with respect to the location of the source populations of O. biennis genotypes. In addition to testing the effect of plant genotype and plant traits on soil invertebrate communities, we tested how the geographic origin (latitude, longitude, and distance from common garden) of plant genotypes affected communities. Results relating to latitudinal clines in plant defense traits and resistance to aboveground herbivores are published in Anstett et al. (2015) . We use those data here to understand how they predict variation in the belowground community, which was not reported in the previous study.
Plant phenotypic measurements
We measured plant phenotypic traits that describe the life history, morphology, physiology, and tissue chemistry of O. biennis as described previously (Anstett et al. 2015) and concisely summarized below. A number of studies have demonstrated the importance of plant tissue quality and quantity on soil biota (Wardle 2006 , Eisenhauer and Reich 2012 , Mueller et al. 2016 , thus traits that capture either of these attributes may be important in shaping belowground invertebrate communities. We measured leaf toughness, trichome density, specific leaf area, and leaf water content on every plant. We used a force gauge penotrometer to measure leaf toughness as the force required to pierce a fully expanded leaf (Type 516; Chatillon, Kew Gardens, New York, USA). Under a dissecting microscope we counted the number of trichomes on the adaxial surface of a 5 mm diameter disc taken from a fully expanded leaf. We measured specific leaf area on the same leaves used for trichome density by dividing the area of leaf discs by their dry mass. From the same disc we calculated percent water content as (Mass wet -Mass dry )/ Mass wet 3 100%. We dried leaves in a drying oven at 50°C for 48 h. Total aboveground and belowground biomass were also measured at the end of the experiment. The timing of key life history events such as bolting date and flowering time are likely correlated with the uptake and release of energy and nutrients into the soil environment (Nord and Lynch 2009) . We recorded plant bolting date, the date of first flower, and plant height throughout the experiment, from which we calculated growth rate and final height (early October).
Oenothera biennis produces a diversity of phenolic compounds including hydrolysable tannins called ellagitannins, which play a role in defense against insects (Salminen and Karonen 2011) . Concentrations of phenolics in above and belowground tissues are genetically correlated (e.g. r  0.65 for oenothein B and oenothein A between tissue types; important defensive metabolites) in O. biennis (Parker et al. 2012) , and since these compounds shape interactions with aboveground arthropods we investigated their role belowground. We analyzed total phenolics and the concentrations of the most abundant hydrolysable tannins (oenothein A, B, and oxidized oenothein A) of leaf tissues at the level of plant genotypes (Supplementary material Appendix 1).
Additionally, we measured susceptibility to herbivores as a potential predictor of soil invertebrate communities. Aboveground herbivory may be linked to soil invertebrates via constitutive plant defense traits or induced plant phenotypes (Karban and Baldwin 1997) . We measured susceptibility to herbivores by visually estimating the average percentage of leaf area removed on 10 leaves across a plant in early August. All measurements were made at the individual plant level except for the chemical measurements. We summarized the broad-sense heritability as described in Johnson and Agrawal (2005) (H 2 : clonal genotypic variance/ total phenotypic variance) and coefficient of genetic variation ( genetic variance /mean) of these traits (Houle 1992) , as well as the correlation between a genotype's latitude and longitude of origin with trait values (Supplementary material Appendix 1 Table A1 ). In the following analyses we include traits that exhibit significant variation across O. biennis genotypes.
Soil invertebrate community sampling
From below each individual plant we took one soil core (3-6 soil cores genotype -1 ; 462 total) and extracted the belowground arthropod community using the Berlese-Tullgren method (Supplementary material Appendix 1 Fig. A1 ). On each sample date (1 Sept.-12 Sept. 2013), we collected soil cores (12 cm deep 3 6 cm wide 3 6 cm wide) using a sharp spade and placed cores in a cooler before transport back to the Univ. of Toronto Mississauga. Each soil core included the layer of leaf litter sitting at the soil surface and thus our samples represent the litter and soil invertebrate communities associated with O. biennis plants. Upon arrival at the lab, soil cores were immediately in our Berlese-Tullgren apparatus. The Berlese-Tullgren method uses a heat and light gradient to drive arthropods through the collected soil core into a collection vial. Although numerous extraction methods exist for individual groups of soil invertebrates, we selected the Berlese-Tullgren method because it yields the greatest taxonomic breadth (Krantz and Walter 2009) . We placed samples litter end up and therefore our samples are likely enriched in soil versus litter invertebrates. Each core was extracted for 3 d using a standard incandescent light bulb (5 W). We repeated the sampling process for each block (5 blocks; total time between first and last sampling dates was 12 d). Arthropod communities from each soil core sample were preserved in 70% ethanol. For each vial we analyzed the contents using a standard petri dish (140 mm diameter) that had been separated into two halves with a marker. The contents were evenly spread, as indicated by the abundance of soil particles and large ( 1 mm) organisms. Each sample was analyzed under a dissecting microscope using 10-80 3 magnification. Due to the large number of samples (462), we developed a sub-sampling protocol where we recorded all organisms  1 mm in length in the entire dish, whereas we recorded organisms  1 mm in length from only one half of the petri dish. In every sample we identified organisms to morphospecies and counted the number of individuals belonging to each morphospecies (Supplementary material Appendix 1 Table A2 ). We excluded larval individuals and juvenile Acari and Collembola from our analyses because we were unable to reliably differentiate morphospecies. Photographs and voucher specimens were taken of each morphospecies (available upon request).
Statistical analyses
We used our data to calculate multiple descriptors of the soil invertebrate community. For each community associated with an individual plant we quantified diversity using the inverse of the Simpson's index, using D 1/ , where p i is the proportional abundance of species i among all species enumerated. This diversity index incorporates both the number of species and their evenness and thus places less weight on rare species relative to other measures of diversity such as species richness. We calculated Simpson's evenness (inverse Simpson's index/species richness), which equals the observed fraction of the total diversity possible if all community members were equally abundant. We also calculated species richness and the total abundance for each sampled community. To understand how the most abundant subgroups within the total invertebrate community respond to plant genetic variation, we calculated the same indices for Acari, Insecta, and Collembola communities.
All statistical analyses were performed in R (R Core Development Team). We used linear mixed effects models and restricted maximum likelihood implemented in the R package lme4 to test the effect of genotype and block on soil invertebrate community variables (Bates et al. 2015) .
Our model took the form: community variable = mean global 1 genotype 1 block 1 error. Both genotype and spatial block were modeled as random effects and we used likelihood ratio tests and χ 2 values with 1 df to determine significance via a one-tailed test by dividing the p-value by 2 since variance must be  0 (Littell et al. 1996) . We modeled genotype as a random effect because we were interested in the effect of plant genetic variation across 103 genotypes on soil invertebrate communities overall, instead of the effect of any specific plant genotype. We calculated broad-sense heritability (H 2 c ) of soil invertebrate community variables as σ 2 Genotype / σ 2 Total (Johnson and Agrawal 2005) , which represents the fraction of total phenotypic variation occurring among genotypes. Additionally, we used a variance weighting technique to increase the precision of our genotype breeding value estimates of each community variable because of heteroscedasticity in the residuals among plant genotypes (Stanton and Thiede 2005) . This technique places increased weight on individual measurements that belong to genotypes with low variance among replicate plants. Breeding values estimated by best linear unbiased predictors (BLUP) using our models with variance weighting were highly correlated with genotype mean values (R 2 = 0.78 -0.85), whereas BLUP values from models without variance weighting were uniform indicating the model's poor ability to estimate variation among O. biennis genotypes.
Using genotype BLUP values, we performed multiple linear regression and model selection to test the importance of plant traits for each of our community variables. First, we used principal components analysis (PCA) to reduce traits that exhibited high collinearity. We used the correlation extraction method (minimum eigenvalue = 1) with the varimax rotation to obtain component axis scores using the function principal from the R package psych (Revelle 2017) . We combined our growth rate, height, aboveground biomass, and belowground biomass into a single principal components axis (all traits positively loaded; total variance explained by PCA axis 1 = 67%). We also combined leaf oenothein A and B, and leaf oxidized oenothein A into another single component axis (leaf oenothein A and oxidized oenothein A positively loaded, and leaf oenothein B negatively loaded; total variance explained by PCA axis 1 = 80%). We then used the dredge function from the R package MuMIn (Bartoń 2015), which uses maximum likelihood to fit models which include all possible combinations of predictors. We identified the best fitting model using Akaike information criterion (AIC) scores and report trait coefficients averaged across the best fitting models (ΔAIC  2), weighted by each model's AIC weight. To test whether the geographic origin of genotypes significantly affected soil invertebrate community variables we performed a separate multiple regression with the latitudinal and longitudinal coordinates of the original populations and the distance from the original populations to the common garden.
Next we sought to focus on foundational species within the soil invertebrate community by analyzing only the common species. We defined 'common' morphospecies as those that were present in greater than 25% of samples and had a total relative abundance  1%. Twenty morphospecies met this criterion, including 12 Acari, 4 Collembola, 1 Chilopoda, 1 Diplopoda and 2 Symphyla. These common species made up 81% of all recorded individuals. We used generalized mixed effects models fit with either a Poisson or negative binomial error distribution (choice based on the distribution of each particular response variable) to test the importance of plant genotype and block for the abundance of each of our common species (Supplementary material Appendix 1 Table A3 ). To test the importance of plant traits on the abundance of our common species we used the multiple regression model selection approach described above, where response variables were genotypic BLUPs of the abundance of each common morphospecies.
To understand how plant genotype, plant traits, and geographic origin affect the composition of soil invertebrate communities we used correspondence analysis (CA). CA is a multivariate ordination method used to investigate patterns in community composition (Legendre and Legendre 2012) . This method calculates χ 2 distances among communities using differences in the abundance of each individual species and yields a score for each community associated with an individual plant along each CA axis. Communities that share similar coordinates along these multivariate axes share taxa at similar relative abundance. We log-transformed the abundance of our 20 common species to reduce the influence of extreme values and used this simplified community in our CA. We determined the number of CA axes to analyze using the Kaiser-Guttman method, where only axes whose eigenvalues are greater than the average are retained (Legendre and Legendre 2012) , which yielded 4 CA axes. We used the CA axis scores obtained for each individual community in a linear mixed model to test how plant genotype (modeled as a random effect) contributed to the variation observed in our ordination. To test the importance of plant traits on community composition, we first calculated BLUPs of plant genotypic CA axis scores. Using these genotypic CA axis scores we then performed multiple linear regression as described above to test the importance of plant traits and geographic origin on community composition (note these analyses were performed at the level of plant genotype).
When testing the importance of plant genotype and plant traits on soil invertebrates we controlled the false discovery rate (FDR, q  0.05) for each family of hypotheses being tested (Benjamini and Hochberg 1995) . Our three families of hypotheses included effects of plant genotype and plant traits on the: overall invertebrate community diversity and composition; Collembola, Insecta, and Acari community diversity; and individual morphospecies. For example, when testing the effect of plant bolting date on Acari, Collembola, and Insecta community diversity we controlled the FDR for each of the twelve tests performed (richness, Simpson's D -1 , evenness, and total abundance 3 3 community types).
Data deposition
Data available from the Dryad Digital Repository:  http:// dx.doi.org/10.5061/dryad.34v57  (Fitzpatrick et al. 2017) .
Results
Community description
We counted nearly 24 000 individual soil invertebrates from 190 morphospecies across 462 sampled communities. These individuals came from 17 invertebrate taxonomic Orders (Supplementary material Appendix 1 Table A2 ). We observed a total of 17 Collembola morphospecies, 92 insect morphospecies, and 51 Acari morphospecies. In total, Acari, Collembola and insect communities accounted for 55, 25, and 9%, respectively, of the total soil invertebrate abundance. Oribatida and Mesostigmata taxa dominated Acari communities (95% of species), while fewer Prostigmata taxa were present (5% of species). Belowground insect communities were dominated by Hymenoptera (ants), Dermaptera (earwigs), Coleoptera (beetles), and Hemiptera (aphids and scale insects).
The effects of plant genotype on soil invertebrate communities
Plant genotype significantly affected multiple descriptors of soil invertebrate communities ( Fig. 2; Table 1 ). Plant genotypes varied 2-fold in invertebrate diversity (Simpson's index -1 χ 2 = 80.31, p  0.001) and 1.5-fold in invertebrate species richness (χ 2 = 35.16, p  0.01), between the genotypes with the least and most diverse communities. Evenness in abundance varied by 1.7-fold (χ 2 = 24.31, p  0.01), whereas total abundance differed by 3-fold among genotypes (χ 2 = 5.86, p = 0.02). Our analysis of the most abundant groups of soil invertebrates (Collembola, Insecta, and Acari) revealed similarly strong effects of plant genotype on the diversity and abundance of these taxonomic groups (Table 1) .
Plant genetic variation had strong effects on the abundance and composition of many common invertebrate species. Plant genotype significantly affected the abundance of 6 of the 20 most common taxa (Supplementary material Appendix 1 Table A3 ). The correspondence analysis (CA) summarizing variation in the soil arthropod community explained 42% of the variation in soil invertebrate community composition (4 CA axes retained), and plant genotype significantly affected variation in each of the four CA axes (Supplementary material Appendix 1 Fig. A2 ; Table A4 ). These results show that genetic differences among plants alter the abundance and composition of the most common taxa of the soil invertebrate community.
Plant traits and soil invertebrate communities
We observed few effects of heritable plant traits on soil invertebrate communities and many became non-significant after adjusting for multiple hypothesis testing using the false discovery rate ( Fig. 3 ; standardized coefficients and p-values reported in Supplementary material Appendix 1 Table A5-A7). Collembola community richness was negatively influenced increasing leaf herbivory (Fig. 4) . The negative effect of leaf herbivory on Collembola richness was partly driven by a strong negative response of a common morphospecies to increasing leaf herbivory (Supplementary material Appendix 1 Table A7 ).
The effect of plant origin on soil invertebrate communities
Despite spanning 20° latitude and 30° longitude, the geographic origin of O. biennis genotype had no effect on soil invertebrates at the individual or community level (Supplementary material Appendix 1 Fig. A3 ). However, the distance between the common garden and a genotype's location of origin altered community composition and positively ), (C) evenness (inverse Simpson's index/species richness), and (D) total abundance, from soil invertebrate communities sampled from three to five individual plants per genotype in a common garden field experiment. Table 1 . The results from linear mixed effects models testing the importance of O. biennis genotype and spatial block on the diversity and composition of soil invertebrate communities. We planted 103 plant genotypes collected from the species range of O. biennis in a randomized block common garden field experiment. For the entire invertebrate community and the dominant taxonomic groups (Collembola, Acari, and Insecta) we tested the importance of genotype and block on species richness (R), the inverse of influenced Collembola evenness and the abundance of one of our common morphospecies (Fig. 3 , Supplementary material Appendix 1 Fig. A3 and Table A5 to A7). However, these results were non-significant after performing an FDR correction.
Discussion
Range-wide plant genetic variation strongly affected soil invertebrate community diversity, abundance, and composition.
We also detected genetic correlations between soil invertebrate variables and herbivore damage. However, we note that the effects of specific heritable plant traits were much weaker than the overall effect of plant genotype, suggesting that additional unmeasured plant traits, or indirect effects mediated by soil resources and microbial communities, were involved in the strong genetic effects on the soil invertebrate community. Finally, we found no effects of O. biennis source population latitude or longitude on soil invertebrate communities, but we did find effects of the distance between the source population and our common garden.
The effect of plant genotype on soil invertebrate communities
In addition to the effect of variation among plant species (Scherber et al. 2010 , Eissfeller et al. 2013 , recent work demonstrates that genetic variation within plant species can shape soil microbial communities and soil ecosystem processes (Schweitzer et al. 2004 , 2008a , Fitzpatrick et al. 2015 , Wagner et al. 2016 . Whether the effects of plant intraspecific variation extend to soil invertebrates is relatively unknown. Most studies to date have focused on either the effects of genetic variation on aboveground or litter invertebrate communities. For litter invertebrate communities the results are mixed, with some studies finding effects of intraspecific variation in plants and others find no effect on the litter invertebrate communities (Madritch and Hunter 2005, Crutsinger et al. 2008, Barbour et al. Agrawal 2005, Bailey et al. 2009 ). However, we acknowledge that our common garden included plant genotypes from across the entire species' range, likely inflating the effect of genetic variation (Tack et al. 2011 ). Since our sampling method was enriched for soil invertebrates, our results may indicate stronger effects of plant genetic variation on soil versus litter invertebrate communities. Soil biota exhibit a high degree of differentiation along resource and environmental gradients (Schneider et al. 2004 , Maaß et al. 2015 , possibly making them more sensitive to the effects of plant genetic variation on soil abiotic and biotic environments (Fischer et al. 2010 , Orwin et al. 2010 , Bardgett et al. 2014 ). More studies looking at the effect of plant genetic variation on soil invertebrates are needed before we can make general conclusions.
Plant traits associated with the composition and diversity of soil invertebrate communities
Soil organisms rely on plant-derived resources as a primary source of energy and nutrients. In addition to leaf litter and roots, plants supply soil ecosystems with a diversity of root exudates (Pollierer et al. 2007, Eisenhauer and Reich 2012) , which can vary within a plant species (Meijón et al. 2013) . In contrast to studies examining the effects of trait variation among plant species (Bezemer et al. 2010 , Eissfeller et al. 2013 , Mueller et al. 2016 , we failed to find strong effects of intraspecific trait variation on belowground invertebrate communities. Though a number of traits related to tissue quality and quantity were significant predictors of soil invertebrate community variables initially, after correcting for multiple hypothesis tests they were no longer significant (Fig. 3 , Supplementary material Appendix 1 Table A5-A7). This was surprising given the strong effects of plant genotype on soil invertebrates. Our results suggest that unmeasured plant traits related to belowground physiology and exudation might be more relevant to arthropod communities (Micallef et al. 2009 ), or that the effects of genetic variation may be mediated indirectly through changes to the soil abiotic environment or microbial communities (Fischer et al. 2010 , Orwin et al. 2010 , Wagner et al. 2016 . Future work should focus on uncovering the specific plant traits driving belowground invertebrate community patterns.
We observed a strong relationship between aboveground herbivore damage and Collembola richness (Fig. 4) . Genetic variation in either constitutive or systemic induced defense traits affecting aboveground herbivores could be driving these effects. Plants can alter the expression of chemical defense traits following damage and re-allocate energy across tissue types to avoid further damage (Karban and Baldwin 1997 ).
Consequently, above-and belowground invertebrates can indirectly influence one another through these induced plant responses to herbivory (Kaplan et al. 2008 , Vandegehuchte et al. 2011 , Johnson et al. 2012 ). For example, Erb et al. (2015) found that root feeding invertebrates were subsequently deterred from leaf infested maize by way of soluble plant root exudates induced by aboveground herbivores.
Geographic variation and extended ecological effects
We tested the hypothesis that geographic origin of a focal plant genotype influences the diversity and composition of soil invertebrate communities. Our experimental design allowed us to examine how novel genotypes from lower latitudes could influence soil invertebrate communities toward the northern range limit, a scenario that is becoming increasingly common as species exhibit range shifts in response to climate change. Anstett et al. (2015) found clines in multiple plant traits that likely affect plant-derived soil resources ( Fig. 1 ; Supplementary material Appendix 1 Table A1 ). Therefore, we predicted that O. biennis population origin would have consequences for belowground invertebrate communities. However, we failed to detect any effect of latitude or longitude of a plant genotype's origin on soil invertebrates ( Fig. 3 and Supplementary material Appendix 1 Fig. A3 ). Our results are consistent with a common garden study of Acacia that found no effect of a population's latitude of origin on the composition of the aboveground arthropod community (Andrew and Hughes 2007) . By contrast, a common garden study of Artemesia californica found that a population's latitude of origin had a strong effect on the associated aboveground communities (Pratt et al. 2017) . Pratt et al. (2017) selected populations that span a welldocumented latitudinal aridity gradient, while we included populations across the entire species' range, which likely includes multiple environmental gradients (Jonas and Geber 1999) . This difference in population sampling design could account for the differences in observed effects of population latitude.
We aimed to make predictions about the ecological consequences of genetic variation for ongoing and future range expansions. Based on our findings from O. biennis, we expect a genetic perspective will be important for community and ecosystem-level processes during assisted or natural migrations when: 1) focal species exhibit strong and heritable geographic clines in ecologically relevant traits; and, 2) genetic variation within a focal species affects community or ecosystem processes. We took a straight-forward approach to understanding broader ecological effects of geographic origin. We examined how genetic variation across the native range of a focal species affects an associated community in a single common garden close to the species' northern range limit. However, population movements in response to climate change are not always straightforward and do not simply involve populations moving poleward (Sork et al. 2010 , Arenas et al. 2011 . Additionally, in natural ecosystems both the biotic and abiotic components are shifting in response to climate change (Gilman et al. 2010 ). Finally, across broad spatial scales, numerous environmental gradients can exist, which can drive multiple and nonuniform geographic clines in ecologically relevant traits within a focal species (Jonas and Geber 1999) . Complementary approaches would include planting the same plant genotypes in multiple common gardens to understand how novel genotypes interact with different environments to affect the associated community. Sampling plant genotypes along multiple transects that follow different environmental gradients might provide a more nuanced view of the extended effects of plant genotypes and their geographic origin. Also, there are likely to be specific traits that accompany individuals that successfully migrate and colonize new habitats (Bowler and Benton 1999, Burton et al. 2010) . Understanding the unique ecological effects of particular trait syndromes associated with successful colonizers will be important to predict the consequences of species' range expansions.
Conclusions
Our results suggest that the extended ecological effects of migrations and range expansions currently underway may not be adequately predicted by latitude. Instead, detailed knowledge of the trait variation occurring within focal species across particular environmental gradients and the resultant effect on associated communities may be required to predict the extended effects of population movement.
